INTRODUCTION
In these lectures we shall discuss the use of density functionals for calculating static nuclear bulk properties such as average binding energies, density distributions and their moments, and deformation energies. The theoretical justification of the variational approach eq. (1.1) came from outside nuclear physics in form of the now well-known theorem by Hohenberg and Kohn. 8 Whereas the main difficulty of density functional calculations in solid state physics and quantum chemistry lies in the development of sufficiently accurate exchange and correlation energy functionals , their applications in nuclear physics are further strongly handicapped by the fact that the basic nucleon-nucleon interaction is only partially known and, due to its repulsive core, cannot be used directly in a perturbation expansion. We refer to the literature for comprehensive discussions of our present knowledge of the We refer to the original paper of Vautherin 
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where E(r) is the sum of the nuclear and the Coulomb energy density.
Usually, the force parameters t^t^,t2#t 3# a etc. are determined by fits of experimental groundstate properties of a series of (mostly spherical) nuclei. However, most of them are related to each Other r and restricted in their range of values, by imposing the more or less well established saturation properties of infinite nuclear matter, such as the binding energy per nucleon E/A (i.e the volume energy of the mass formula), the saturation density P 00 , the effective mass m* or the nuclear matter incompressibility K oo . Imposing their empirical values, the choice of the force parameters is greatly restricted, although still innumberable parameter sets can be found in the literature. 19 '
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The parameter a of the density dependent term in the Skyrme functional eq. Having imposed "reasonable" nuclear matter properties alone guarantees, of course, in no way that a force will have good surface properties of finite nuclei, which then are adjusted by actual HF calculations and fits to experimental data. Even more it must be considered a great success that good fits to many data were obtained, considering the fact that the nuclear matter properties fix already five combinations of the typically 7-8 Skyrme parameters. For detailed comparisons of HF (+BCS) results to experimental data, we can only refer here to the abundant literature. 17 " 19 ' 35 " 37 It might be worth spending a few words on the nature of this HF + Skyrme formalism. Although it formally is a Hartree-Fock procedure, it may well go beyond this framework what the physics is concerned. Due to the fact that the Skyrme force is a parametrized G-matrix (and can be derived qualitatively from a Bruckner G-matrix 13 ), short-range correlations are built into it from the very beginning. But also long-range correlations can be contained in what above is called the HF energy, because the HF equations (2.8) can be understood as Kohn-Sham equations, 38 generalized to include nonlocal parts of the potential. Noting that, in fact, the mean fields in eq. (2.8) are nothing but functional derivatives of a parametrized energy density, one recognizes that due to the Hohenberg-Kohn theorem 8 all kinds of correlation energies may be contained in the energy E hf eq. (2.1)
Separation of Shell Effects
The direct application of the Skyrme energy functional eq. (2.2) to the density variational method is handicapped bv^ the presence of the kinetic energy and spin-orbit densities Tq(r) and (r). In principle, we know from the Hohenberg-Kohn theorem 8 that there exist unique functionals x[p]and J[p] which allow to express these densities in terms of the local nucleon densities p q (r) . However we do not know these functionals and there is little chance to determine them exactly. They certainlyjnust be nonlocal, since the shell effects contained in T q(r) and J q (r) are not local, but global properties of the nucleusT 3 This problem can be overcome by averaging out the shell effects and expressing the average of the energy by a.functional of the average densities o q (r) . This can be justified by means of Strutinsky*s energy averaging method 21 which, in fact, allows to decompose the exact HF energy in a rather unique way into an average and a fluctuating ("shell-correction") part 21 23 it has been checked that the missing higher order terms in eq. (2.14) are negligible for all practical purposes. In particular if the averaging by means of the ft^ is done selfconsistently (see also the next subsection), the two sides of eq. (2.14) are equal to within less than ^ 0.5 MeV even in heavy, strongly deformed nuclei (corresponding to an ccuracy of better than lO"" 3 ).
Two important conclusions could be drawn from these numerical results 23 
(2.18)
Next we define the Bloch density matrix C(r,F';P) = IV(?')ip (F)E" P \ (2.19) where the sum goes over the complete spectrum (including an integral over the continuum, if present). From C, we obtain by an inverse Laplace transform the usual density matrix 
In the lowest order terms we recognize the TF expressions; the -ft 2 -corrections lead to the well-known divergencies at the classical turning points t x given by A = V(r\ 2) The functional also reproduces the integral Gjpxd 3 r, as it occurs in the Skyrme energy, within less than 1 MeV (using realistic Skyrme parameters to determine G). 
*• Discussion of the ETF-Euler Variational Equations
In order to simplify the presentation, we shall again assume only one kind of particles -realistically, one will obtain two coupled differential equations for p n and p p -and leave out the effective mass and spin-orbit contributions (i.e. put f = 1 and W=O). These restrictions do not affect the conclusions drawn below. The range a is given by the Fermi energy X (which is always negative) and the coefficient of the Weizsacker term:
The Euler-Lagrange equation then becomes
Unfortunately, this range is too small by a factor 2-3 compared with realistic nuclear surfaces. Consequently, the variational densities fall off too quickly in the outer surface and lead to an overestimation of the kinetic energy (which is partially compensated by an overestimation of the potential energy). This was confirmed in numerical calculations by Bohigas et al., is not the behavior we would like to expect from a nice density. However, we do not know at which distance from the nuclear surface the behavior r~6 will be assumed. In order to investigate this, let us take A = -7 MeV. We then find from eq. This corresponds to a parabolic approximation of the saturation curve near the saturation density P 00 , which certainly is good enough for the following estimations. Writing of the potential energy and the incompressibility K to . As a consequence, the density profile is in general asymmetric around its inflection point.
Variational Calculations for Finite Nuclei
In the following we shall present some selective results of variational semiclassical calculations 15 In figure 3 we compare the density profiles obtained for ^uCa and 208 Pb with microscopical HF results, both calculated with the Skyrme force SkM*. 15 '
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An almost perfect agreement is obtained in the surface and the tail region. In the interior part the ETF densities reproduce nicely the average trend of the HF results. In fact the possibility to build up a bump or a dip near the center, although it does not affect the binding energies by more than a few hundred , is important for obtaining this agreement. In particular for i40 Ca, we see that the central densities are enhanced by * 20 %. It is worth underlining that this is not just a shell effect, but it must be understood as a bulk effect which results from the compression of the nucleus by the surface tension. In heavy nuclei such as Pb, this compression effect is overpowered by the Coulomb repulsion between the protons, which leads to a slight depression at the center (^8% for the proton and ^ 2 % for the neutron density of 208 Pb).
In The agreement of the two average curves is better than 1 MeV at all deformations included. This gives once again a nice confirmation of the semiclassical method. It shows in particular also that the slight overbinding of the ETF results discussed above 8 MeV in this nucleus) does not affect the deformation energies noticably. The crosses in fig. 6 show the results obtained after adding the shellcorrection energy 6^E to the average curves; they reproduce the exact HF values within less than 0.5 MeV.
An interesting result is that in the semiclassical variational calculations, the density parameters P 0 Q* Yq and Rq found for the spherical shape vary only very little with deformation; in fact, only an error of ^ 0.5 MeV would be made for the realistic force SkM* if they were kept constant. 15 The influence of the asymmetry of the surface, governed by the parameters Yq, on the fission barrier is shown in fig. 7, where one obtains the droplet model.
' 5if
The "leptodermous expansion" in powers of a/R was recently adapted to the total energy of an arbitrarily deformed nucleus within the Skyrme-ETF fomalism. 15 '
61+
We refer to the recent review article 
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The various Skyrme forces already mentioned above were used as well as the energy density of Tondeur 69 which is very similar to that of a Skyrme force. Table 3 also contains the effective curvature energy a c defined by a c = A R -2K.7 (3 -28) which is obtained 51 * if the lowest order contribution from e is included in eq. (3.22) .
In the realistic case one has to include also the Coulomb energy and to expand everything also in powers of the asymmetry parameter 6 eq. In summary it can be said that the variational ETF calculations can be used to justify and test the droplet model or similar extensions of the simple LDM. Some of the shortcomings of the droplet model have been discussed and some extensions and improvements have been proposed. 15 The main conclusion is that the variational ETF formalism with its 8-10
Skyrme force parameters is more powerful than the droplet model, even if the latter is extended to include some 20 or more phenomenological parameters. A question which has been much discussed in the literature is how the fission barriers depend on temperature. 81 ' 86 ' 87 '
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The fission of an excited nucleus is usually thought to be an isothermal process; therefore one has to look at the deformation behavior of the free energy F. Due to the well-known decrease of the free surface energy, the fission barriers also decrease with increasing temperature. (The variation of the Coulomb energy with temperature is not very important.) This was shown by explicit calculations of fission barriers with the variational ETF method at T > O. 15 In table 5 we list as a function of temperature the free surface energy a § obtained with the three above methods for the SkM* force. It is clearly seen that the Iow-T expansion leads to an exaggeration It is interesting to note that the absolute value of k s increases with T due to the inverse dependence of Q which decreases faster with T than the volume asymmetry energy J (given in the last column of tab. 5).
We learn from these results that the temperature dependence of surface properties depend rather crucially on the approximations made. In particular, the Iow-T expansion leads to rather bad results which strongly exaggerate the T dependence. The best agreement with finite-T HF results is obtained with the partial resummation method, and reasonable agreement with the corrected ETF* functional eq. 6 8 We finally want to mention briefly an application of the variational ETF method to the calculation of the nuclear breathing mode energies. 68 We refer to the lectures of Holzwarth the second corresponds to a higher mode (still to be found) .
Application of the ETF Method to the Nuclear Breathing Mode
In figure 9 we show the results of the semiclassical calculations obtained in this way with the SkM* force; they are seen to reproduce perfectly the experimental peak energies within their error bars. This result illustrates, as an example, the usefulness of the variational ETF approach also in dynamical applications. In fact, the breathing mode energies shown in fig. 9 are practically identi- 
